Introduction {#sec1}
============

Pancreatic cancer, a digestive system malignant tumor with high immunosuppression, is in low susceptible level to traditional radiotherapy and chemotherapy. By 2030, pancreatic cancer might become the second most lethal cancer in the United States \[[@B1]\]. Tumor metastasis to peripheral and distant tissues will occur in the development of pancreatic cancer, which resulted in a minimal resection rate of only 20% \[[@B2]\]. With the continuous study on pancreatic cancer, people have discovered that blood vessels and lymphatic metastases exist in the early stages of pancreatic cancer, which was definitely a hindrance in therapy \[[@B3]\]. Blindly pursuing radical surgery or even expanding radical surgery did not improve the prognosis of patients \[[@B4]\]. Roughly 80% of patients have lost their best opportunity to receive surgical treatment when they went to hospital, because of the deficient diagnostic methods and inconspicuous specific clinical syndromes, and the overall 5-year survival rate is less than 6% \[[@B5]\]. Therefore, there is an urgency to identify novel biomarkers for early diagnosis and potential therapeutic strategy to against malignancy progression so as to improve pancreatic cancer prognosis.

Long non-coding RNA (lncRNA), with a length of more than 200 bp, is a kind of transcripts that most exist in the nucleus without protein coding ability \[[@B6]\]. Current investigations suggested that lncRNA could induce and bind proteins involved in transcription, prevent protein complexes from locating in DNA sequences, regulate downstream gene transcription, thus mediates gene expression at multiple levels that make it a crucial factor in promoting or inhibiting tumor progression \[[@B7],[@B8]\]. Recent studies have reported multiple lncRNA imbalance in pancreatic cancer and its metastases may participate in the progression of pancreatic cancer through various pathways \[[@B9]\]. It is also pointed out that lncRNA is a pivotal role in the EMT process of pancreatic cancer through a variety of regulatory ways. For example, Shen et al. \[[@B10]\] explained in their work that lncRNA Xist can regulate EMT by adsorbing miR-429 to up regulate ZEB1, thus promoting the invasion and migration of pancreatic cancer. Hence, further study of the exact expression level and regulatory role of lncRNA in pancreatic cancer will be of great help to promote the development of biomarkers for early diagnosis and treatment of pancreatic cancer.

Small nuclear RNA host gene 12 (SNHG12) is a lncRNA located on chromosome 1 with a length of 675 nucleotides \[[@B11]\]. Previous studies have shown SNHG12 plays an important role in the development of triple-negative breast cancer, prostate cancer, colon cancer, gastric cancer and gliomas. The proliferation, metastasis and invasion of tumor cells are significantly proportional to the expression levels of SNHG12 \[[@B11]\]. In the present study, we investigated the pathological association between lncRNA SNHG12 and pancreatic cancer, and disclosed its role in regulating tumor progression which encompassed proliferation, migration and invasion. We also studied the expression of SNHG12 in pancreatic cancer and its correlation with clinicopathological features of patients with pancreatic cancer. This research extrapolated that SNHG12 was a pivotal element in accelerating the progression of pancreatic cancer through augmenting proliferation, increasing migration and invasion.

Materials and methods {#sec2}
=====================

Clinical samples and cell culture {#sec2-1}
---------------------------------

A total of 15 pairs of pancreatic tissues and adjacent normal tissues, 15 groups of non-metastatic pancreatic cancer tissues and 15 groups of metastatic pancreatic cancer tissues from patients in Affiliated Hospital of Nantong University from May 2015 to May 2018 were resected then in liquid nitrogen cryopreservation, and −80°C for long-time preservation. All human participants related experiments were conducted in agreement with the ethical standards of the ethics committee of the Affiliated Hospital of Nantong University (Approval No.20170227-006) as well as the 1964 Helsinki Declaration. All involved patients have sighed the informed consent documents before the commencement of the study. Human normal pancreatic cell line (HPDE6) and pancreatic cell lines (BXPC3, CAPAN1, PANC1, SW1990) were incubated using DMEM medium (HPDE6, CAPAN1, PANC1), RPMI-1640 medium (BXPC3) or L15 (SW1990) medium containing 10% fetal bovine serum and penicillin (100 U/ml) at 37°C with 5% CO~2~.

Total RNA extraction of tissues and cells {#sec2-2}
-----------------------------------------

Pancreatic cancer cells (5 × 10^6^/ml) were collected and tissues (50 mg) were ground using fluid nitrogen, 1 ml of TRIzol was then added to lyse cells and preserve the integrity of RNA simultaneously. After 5-min maintenance at 25°C, 200 μl of chloroform were added and mixed for another 15-min maintenance at 25°C. The mixed solution was centrifugatded at 12,000 rpm under 4°C for 15 min. About 0.5 ml of isopropyl alcohol was added to the separated supernatant and maintained at room temperature for 15 min, then centrifugated to obtain the RNA sediment. RNA extraction was dried and stored under −80°C till experiment.

Real-time quantitative reverse transcription-PCR analysis {#sec2-3}
---------------------------------------------------------

Real-time quantitative reverse transcription polymerase chain reaction (qRT-PCR) analysis of SNHG12 and miR-320b expression was performed through PrimeScript RT reagent Kit and SYBR Prime Script RT-PCR Kits under manufacturer's instructions. Content of SNHG12 and miR-320b was calculated using 2^−ΔΔCt^ method \[[@B16]\]. The expression of SNHG12 was significantly corelated to GAPDH, and miR-320b expression level was proportional to U6. The following sequences in [Table 1](#T1){ref-type="table"} are the primers that used in the experiments:

###### Primer sequences used in this research

  Primer     Forward sequence                  Reverse sequence
  ---------- --------------------------------- --------------------------------
  SNHG12     5′-TCTGGTGATCGAGGACTTCC-3′        5′-ACCTCCTCAGTATCACACACT-3′
  GAPDH      5′-GCACCGTCAAGGCTGAGAAC-3′        5′-TGGTGAAGACGCCAGTGGA-3′
  miR-320b   5′-GATGCTGAAAAGCTGGGTTG-3′        5′-TATGGTTGTTCTGCTCTCTGTCTC-3′
  U6         5′-GCTTCGGCAGCACATATACTAAAAT-3′   5′-CGCTTCACGAATTTGCGTGTCAT -3′

Cell transfection {#sec2-4}
-----------------

SNHG12 siRNA (si-SNHG12) and negative control siRNA (si-NC), the pLV retrovirus vector for SNHG12 (pLV-SNHG12) or negative control (pLV-NC), miR-320b mimics were transfected into pancreatic cell line CAPAN1 utilizing Lipofectamine 2000 according to the protocol.

Cell proliferation capacity evaluated by MTT assay {#sec2-5}
--------------------------------------------------

Pancreatic cell lines were seeded into 96-well plates with 5 × 10^3^ cells per well containing 100 μl medium and incubated under 37°C, 5% CO~2~ for 24, 48 and 72 h. Then, 20 μl of MTT reagent per well were added for another 4-h incubation. Add 150 μl of DMSO into each well to make the crystal fully dissolved and the aborbance 570 nm (OD570) was measured by enzyme analyzer within 10 min.

Cell invasion capacity evaluated by transwell assay {#sec2-6}
---------------------------------------------------

To evaluate the capacity of cell migration, 200 μl of cell suspension (1 × 10^5^ cells) was transferred into the upper compartment of a Transwell chamber (Corning, Corning, NY, U.S.A.), which has an 8 μm pore size and a 24-well insert. In the upper chamber of each well, 50 μl of serum-free medium containing 10 g/l bovine serum albumin was added. All the lower chambers were loaded with 10% FBS. Cell migration capacity was assessed by the number of cells reaching the lower chamber. For invasion assays, the upper chamber was enfolded with Matrigel (BD Biosciences, San Jose, CA, U.S.A.). The other procedures were same as the migration assays.

Immunoblotting test {#sec2-7}
-------------------

Protein isolation and immunoblotting test were exerted as previously reported. Antibodies against SNHG12, miR-320b, E-cadherin, N-cadherin, Vimentin and GAPDH were used, while GAPDH was considered as the internal control.

Apoptosis level evaluated by flow cytometry {#sec2-8}
-------------------------------------------

Flow cytometry was exerted to study the effects on cell cycle and apoptosis after transfections. Annexin V-FITC Apoptosis Detection Kit and Cell Cycle Detection Kit were supplied by KeyGEN BioTECH (Nanjing, China). Cells were processed based on the manufacture's protocol.

Dual luciferase assay {#sec2-9}
---------------------

pGL3 vector and the synthetic SNHG12 containing wild-type (WT) or mutated (Mut) region were utilized to construct the reporter plasmids, which were then co-transfected into cells with miR-320b mimic or miR-NC (miRNA negative control) using Lipofectamine 2000 under manufacturer's instruction, and incubated for 24 h. Then, luciferase activities of Renilla and Firefly were examined by Dual-Luciferase Reporter Assay System and luminometer.

Statistical analysis {#sec2-10}
--------------------

The results data were expressed as mean of triplicate measurements plus standard deviation (SD). A two-tailed Student's *t* test was employed to analyze differences between two groups. Multiple comparisons between groups were performed using analysis of variance (ANOVA) followed by Tukey's post hoc test using SPSS (13.0) or Graphpad Prism 7.0. *P*\<0.05 means statistically significant.

Results {#sec3}
=======

SNHG12 was in high-expression level in pancreatic cancer tissues and cell lines {#sec3-1}
-------------------------------------------------------------------------------

The transcription level of SNHG12 was estimated in pancreatic cancer tissues and cell lines. SNHG12 was significantly up-regulated in pancreatic cancer tissues and metastatic pancreatic cancer tissues versus normal tissues and non-metastatic pancreatic cancer tissues ([Figure 1](#F1){ref-type="fig"}A,B), respectively. Four pancreatic cancer cell lines (BXPC3, CAPAN1, PANC1, SW1990) were in higher SNHG12 expression level than normal pancreatic cell (HPDE6) ([Figure 2](#F2){ref-type="fig"}A). The results showed a conspicuous increase of SNHG12 in pancreatic cancer tissues and cell lines.

![Up-regulation of SNHG12 in pancreatic cancer tissues\
(**A**) SNHG12 was up-regulated in pancreatic cancer tissues versus normal tissues, which were determined by qRT-PCR. (**B**) Metastatic pancreatic cancer tissues had higher expression level of SNHG12 than non-metastasis. \*\*\**P*\<0.001 vs. respective control.](bsr-40-bsr20200805-g1){#F1}

![Pancreatic cancer development was proportionate to SNHG12 expression level\
(**A**) Pancreatic cancer cells had higher SNHG12 up-regulation level than normal pancreatic cells. (**B**) Transfection states of CAPAN1 cells determined by qRT-PCR. (**C**) Results of the MTT assay in CAPAN1 cells with different SNHG12 expression level. (**D**) Results of transwell chamber assay in CAPAN1 cells with different SNHG12 expression level. (**E**) Flow cytometric data of transfected CAPAN1 cells. \**P*\<0.05, \*\*\**P*\<0.001 vs. si-NC, ^\#\#^*P*\<0.001, ^\#\#\#^*P*\<0.001 vs. pLV-NC.](bsr-40-bsr20200805-g2){#F2}

Knocking down SNHG12 curtailed pancreatic cancer cells' capacity of proliferation and invasion, and promoted apoptosis {#sec3-2}
----------------------------------------------------------------------------------------------------------------------

CAPAN1 cells were selected and cultured for additional exploration of SNHG12 biological function in pancreatic cancer. Related siRNAs (si-NC, si-SNHG12) and pLV-RNAs (pLV-NC, pLV-SNHG12) were transfected into CAPAN1 cells to silence or promote the expression of SNHG12, respectively. Cells were in ideal transfection status after 48 h, which was examined using qRT-PCR ([Figure 2](#F2){ref-type="fig"}A). Immunoblotting test was adapted to reconfirm the transfection states ([Figure 2](#F2){ref-type="fig"}B). MTT assay was performed to estimate the proliferation ability of the pancreatic cancer cells in 72 h. It was unanimous to our hypothesis that the viability of SNHG12 silencing cells escalated at a lower rate than those with pLV-SNHG12 transfection ([Figure 2](#F2){ref-type="fig"}C), which might suggest that SNHG12 was functioned as a promoting factor in pancreatic cancer proliferation. To further investigate the biological function of SNHG12 in cell invasion, we conducted transwell chamber assay and found that invasion rate of pancreatic cancer cells was proportional to the SNHG12 expression level. As showed in the [Figure 2](#F2){ref-type="fig"}D, cells with SNHG12 silencing had significantly less cell invasion than cells transfected with pLV-SNHG12.

Flow cytometry technique was utilized to evaluate the function of SNHG12 in cell apoptosis and cell cycle. As showed in [Figure 2](#F2){ref-type="fig"}E, down-regulated SNHG12 remarkably elevated the apoptosis ratio of pancreatic cancer cells, whereas up-regulated SNHG12 decreased cell apoptosis, compared with cells treated with si-NC.

Epithelial--mesenchymal transition (EMT) of pancreatic cancer cells was restrained after SNHG12 knockdown {#sec3-3}
---------------------------------------------------------------------------------------------------------

Epithelial--mesenchymal transition (EMT) enable pancreatic cancer converts to a more motile stromal phenotype, which is conducive to the development of peripheral invasion and distant metastasis. It has been confirmed that EMT is an important mechanism involved in the transformation of pancreatitis to pancreatic cancer and metastasis of pancreatic cancer \[[@B17],[@B18]\]. To further explore the mechanism of SNHG12 on invasion, immunoblotting assay was performed to study the EMT-related proteins expression states with E-cadherin, N-cadherin and Vimentin involved. [Figure 3](#F3){ref-type="fig"} depicted the immunoblotting results of each EMT-related proteins, SNHG12 silencing cells had highest E-cadherin expression level than SNHG12 up-regulated cells. While N-cadherin and Vimentin protein were in the least expression states in si-SNHG12 transfected cells, and were in highest expression level in pLV-SNHG12 transfected cells compared with related si-RNA and pLV-RNA negative controls.

![SNHG12 affected EMT progression of CAPAN1 cells by Western blot\
(**A**) The expression level of EMT-related proteins estimated by immunoblotting assay. (**B--D**) Grey analysis of E-cadherin, N-cadherin and Vimentin proteins using ImageJ. \*\*\**P*\<0.001 vs. si-NC, ^\#\#\#^*P*\<0.001 vs. pLV-NC.](bsr-40-bsr20200805-g3){#F3}

SNHG12 is of negative regulation on miR-320b {#sec3-4}
--------------------------------------------

Further mechanism of SNHG12 depressing the progression of pancreatic cancer cells was studied and miR-320b was identified as a factor that was negative regulated by SNHG12. The intersection of prediction targets using miRanda, LncBase and Starbase databases showed that there was continuous SNHG12 wild-type binding sites on the miR-320b gene sequence ([Figure 4](#F4){ref-type="fig"}A). We further performed a dual luciferase reporter gene assay to determine whether WT SNHG12 can directly target miR-320b. The results of luciferase activity assay indicated that after co-transfection of a gene plasmid containing the SNHG12 wild -type sequence with miR-320b, luciferase relative activity significantly decreased, which suggested that the expression of SNHG12 in pancreatic cancer cells would be suppressed through the direct binding between miR-320b and WT SNHG12 ([Figure 4](#F4){ref-type="fig"}B).

![MiR-320b is the target of SNHG12\
(**A**) Binding sites of WT SNHG12 and miR-320b predicted by miRanda. (**B**) Results of dual luciferase assay for SNHG12 and miR-320b. (**C**) Expression level of miR-320b in different transfected CAPAN1 cells. WT, wild-type; Mut, mutant. \*\**P*\<0.01, \*\*\**P*\<0.001, ^\#\#^*P*\<0.01 vs. pLV-NC.](bsr-40-bsr20200805-g4){#F4}

The expression level of miR-320b was evaluated by qRT-PCR and demonstrated in [Figure 4](#F4){ref-type="fig"}C, the content of miR-320b was in reverse ratio to SNHG12 quantity. SNHG12 up-regulated cells had the least miR-320b within, while the cells with less SNHG12 expressed had the most miR-320b. The results suggested that SNHG12 overexpression reduced mRNA expression of miR-320b in pancreatic cancer cells.

MiR-320b restored the effects of invasion and EMT triggered by SNHG12 {#sec3-5}
---------------------------------------------------------------------

In order to figure out whether SNHG12 produces an effect by absorbing miR-320b, two pancreatic cancer cell lines (CAPAN1 and PANC1) with up-regulated SNHG12 were co-transfected with miR-320b mimic ([Figure 5](#F5){ref-type="fig"}A). MTT assay revealed that cell proliferated fastest in the miR-320b group ([Figure 5](#F5){ref-type="fig"}B). Similarly, results of flow cytometric further demonstrated co-transfected miR-320b and pLV-SNHG12 in pancreatic cancer cells showed significantly higher apoptosis rate versus the pure SNHG12 up-regulated cells ([Figure 5](#F5){ref-type="fig"}C).

![MiR-320b reversed the effects induced by SNHG12 in cell proliferation and invasion in CAPAN1 and PANC1 cells\
(**A**) miR-320b expression in transfected cells detected by qRT-PCR. (**B**) MTT assay determined the cell growth in different transfected cells. (**C**) Invasion ability evaluated by transwell chamber assay. (**D**) Cell apoptosis rate in transfected cells investigated by flow cytometry. \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.001.](bsr-40-bsr20200805-g5){#F5}

Also, the investigation results of capacity and mechanism on cell invasion were consistent with the previous hypothesis that miR-320b repressed pancreatic cancer cells invasion through epithelial--mesenchymal transaction suppression. Transwell chamber assay was conducted to study the difference brought by miR-320b in SNHG12-upregulated cells ([Figure 5](#F5){ref-type="fig"}D), the proportion of cell invasion decreased in miR-320b transfected cells. Next, nuance in miR-320b mimic transfected cells versus the pure SNHG12-upregulated in the epithelial--mesenchymal transaction process of invasion were estimated through Western blotting ([Figure 6](#F6){ref-type="fig"}A). With miR-320b mimic co-transfected with pLV-SNHG12 in pancreatic cancer cells, EMT-related proteins expression was in opposite level in two groups. In miR-320b and pLV-SNHG12 co-transfected group, the content of E-cadherin was obviously higher, while N-cadherin and Vimentin were markedly less than SNHG12-upregulated group, which was consistent with the results in transwell assay.

![MiR-320b reversed the effects induced by SNHG12 in EMT in CAPAN1 and PANC1 cells\
(**A**) Results of immunoblotting test in transfected cells, \*\**P*\<0.01, \*\*\**P*\<0.001. (**B**) Schematic drawing of SNHG12/miR-320b/EMT axis.](bsr-40-bsr20200805-g6){#F6}

Discussion {#sec4}
==========

Although the prognosis of many other malignancies has increased in the past few decades, the overall survival rate of pancreatic cancer has barely improved \[[@B19]\]. Early diagnose of pancreatic cancer is still confronting big challenges because of its insidious symptoms and unobtrusive signs with similarity in mortality and morbidity \[[@B20]\]. Poor prognosis and large probability of postoperative recurrence make 5-year survival rate lower than 20% \[[@B21]\]. Autopsy showed that 90% of pancreatic cancer patients had developed distant metastasis \[[@B22]\]. Although surgery is the predominate method to cure pancreatic cancer, only 15--20% of the patients were respectable in the first diagnosis \[[@B23]\]. Therefore, it is an urgency to find initial diagnostic biomarkers and potential therapeutic targets for pancreatic cancer.

Long non-coding RNA (lncRNA) is a kind of non-coding RNA with tissue and disease specificity \[[@B24]\], which recently had been found to play a crucial role in cell growth, metastasis and invasion of liver cancer, bladder cancer and breast cancer \[[@B25]\]. Among them, SNHG12 has been reported in highly expressed quantities in gastric cancer, triple-negative breast cancer and colon cancer with direct proportion to the growth and development of tumor tissue and cells. To the best of our knowledge, however, the function of SNHG12 in pancreatic cancer has not been previously explored. In this research, it is the first time to elaborate the precise pathological relation of SNHG12 and the progression of pancreatic cancer.

Current data in the present study demonstrated that high expression of SNHG12 in pancreatic cancer accelerated the progress of cell growth and invasion. High SNHG12 expression level was first confirmed in pancreatic cancer tissues and cell lines using qRT-PCR, which suggested that SNHG12 could be invoked as a biomarker for early diagnosis of pancreatic cancer. Further investigation on SNHG12 specific function in pancreatic cancer was studied by transfecting corresponding si-RNAs (si-NC, si-SNHG12) into CAPAN1 cells, which identified that knockdown of SNHG12 suppressed pancreatic cancer cells growth by MTT assay. knockdown of SNHG12 inhibited cancer cell invasion that was evaluated by transwell chamber assay. Alleviated apoptosis rate had been verified in SNHG12-downregulated cells. These findings demonstrated that SNHG12 may be involved in the tumorigenesis and progression of pancreatic cancer.

Recent studies on miRNAs have proved that miRNAs have an essential role in the process of tumor development. Zhang et al. found that miR-194 was highly expressed in pancreatic cancer tissues and serum, and overexpression of miR-194 can reduce the expression of DACH1 and promote cell proliferation and migration \[[@B29]\]. Wang et al. showed that miR-320b inhibited cell growth in human colorectal cancer by targeting c-Myc \[[@B30]\]. Similarly, ras-related protein RAP2B was also verified as an interdependent factor of miR-320b to promote the progression of osteosarcoma \[[@B31]\]. Simultaneously, miR-320b was confirmed and validated as a negative regulator of TP53-regulated inhibitor of apoptosis (TRIAP1), and its association with the development of nasopharyngeal carcinoma has been proved \[[@B32]\]. It's worth noticing that miR-320b was affirmed as a pivotal element in carcinomas that suppressed proliferation, migration and invasion in carcinomas. Here, we identified miR-320b as a negatively regulatory factor of SNHG12. Luciferase activity assay certified that miR-320b is a target of SNHG12 in pancreatic cancer in the present study. Our findings revealed that the function that miR-320b reversed the effects triggered by SNHG12 such as proliferation and metastasis was observed after co-transfection of miR-320b mimic and pLV-SNHG12 to CAPAN1 and PANC1 cells and, which further indicated that the EMT progression was influenced, suggesting SNHG12/miR-320b/EMT axis is possibly a potential target for pancreatic cancer ([Figure 6](#F6){ref-type="fig"}B). The in-depth studies in SNHG12/miR-320b/EMT axis will be explored, including *in vivo* effect and the related other mechanisms.

Consequently, this research elucidated for the first time that SNHG12 is a novel candidate for early diagnosis biomarker and promising treatment target of pancreatic cancer, and SNHG12/miR-320b could be used as alternate therapeutic strategy for better rescuing patients with pancreatic cancer.
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